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Description 

Technical Field 

This invention relates to a method of graphics 
data compression and, more particularly, to a method 
capable of compressing, selectively, data on a raster- 
row- by-raster-row basis or on a byte-group- by- byte- 
group basis. 

Background Art 

Bytes of data often describe graphics images as 
an arrangement of raster rows. A raster row is one line 
or strip of a graphics image. Numerous parallel raster 
rows may be arranged or stacked to produce an entire 
graphics image. 

Each byte of data describes a part of a raster row 
within the graphics image. Because each byte de- 
scribes a part of a raster row, the data itself may be 
referred to as a raster row of data, or data arranged 
on a raster-row-by-raster-row basis, as is done in the 
following text. 

Because graphics images are often complex, the 
data describing the images may be extensive and de- 
tailed. Accordingly, transferring such data between 
components in a system, such as between a host 
computer and a printer, often requires a large amount 
of memory and may result in an undesirable time lag. 
To limit the required memory and to prevent such time 
lags, the data may be compressed so that information 
is transferred by employing less data, with time there- 
by saved. 

Data may be compressed in a variety of ways. For 
example, Gilbert Held, in his book Data Compression , 
published by Wiley Hayden, copyright 1984, disclo- 
ses a compression method wherein bits of data within 
one raster row are compared with bits of data in an ad- 
jacent raster row. By comparing the bits, the differ- 
ences between the rows may be noted. Once noted, 
one raster row may be described by stating how the 
bits in that row differ from the bits in the other row. 
The data describing the differences may be less ex- 
tensive than the data describing the raster row, result- 
ing in a compression of data. 

However, comparing different raster rows of data 
on such a bit- by- bit basis does not recognize repeti- 
tious data within the raster rows themselves. Addi- 
tionally, such a comparison does not lend itself to a 
concise method of recording the bit changes between 
the rows. 

From US-A- 4 724 483 or US-A- 4 776 028 it is 
known to subdivide binary data into units of e.g. 16 
bits each for compression on a unit-to-unit basis and 
on a row-to-row basis. 

It is the problem of the present invention to provide a 
data compression method which enables recognizing 
repetitions within raster rows as well as recording 



changes between rows concisely. 

The invented graphics images data compression 
method defined in claim 1 essentially selectively 
compresses data on a raster-row- by-raster-row basis 

5 or on a byte-group-by-byte-group basis. The raster- 
row-by-raster-row basis compares bytes within adja- 
cent raster rows and thereby detects repetitions be- 
tween the rows. When data is compared on a raster- 
row-by-raster- row basis, the invented method re- 

10 cords any differences as relative offset and replace- 
ment bytes. The byte-group- by-byte-group basis 
compares different byte groups within a single raster 
row, and thereby detects repetitions within the row it- 
self. Selectively compressing data according to such 

15 bases results in superior data compression. 

Brief Description of the Drawings 

Figure 1 is a block diagram showing the invented 
20 raster-row- by- raster-row compression method. 

Figure 2 depicts the relationship of Figures 3A, 
3B, 3C. 

Figures 3A-C constitute a detailed block diagram 
showing the invented data compression method. 

25 

Detailed Description and Best Mode for Carrying 
Out the Invention 

Figure 1 shows generally at 10 a block diagram 

30 of the invented raster row data compression method. 
Initially, a block of data is arranged on a raster-row- 
by-raster-row basis, as signified by block 12. Again, 
a block of data arranged on a raster-row-by-raster- 
row basis refers to data which describes an image as 

35 an arrangement of raster rows. 

Step 14 then compares a first and second raster 
row of data and the changes between the rows are 
noted at step 1 6. Specifically, each byte in the second 
raster row that differs from the corresponding byte in 

40 the first raster row is recorded, at step 1 8, as relative 
offset and replacement bytes. Corresponding bytes 
are bytes of data that define parts of an image which 
are vertically adjacent but in different raster rows. 
Relative offset and replacement bytes refer to a man- 

45 ner of recording the changes between such raster 
rows. 

For example, the number of bytes to be replaced 
in a second raster row because they differ from the 
corresponding bytes in the first raster row, may be re- 

so corded as a three-bit number. The location of the 
bytes to be replaced may be recorded as a five- bit 
number. The five-bit number is the relative offset val- 
ue. The offset is the number of bytes in the present 
raster row from the last untreated byte, or in other 

55 words, the number of bytes from the byte following the 
last replaced byte. Alternatively, the offset may be rel- 
ative to the left graphics margin. 

An offset that is large may require several bytes 
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to represent The numbers zero through thirty may 
signify a relative offset of zero to thirty where zero re- 
fers to the next uncompressed byte. If the five-bit 
number is thirty-one, then the next byte is interpreted 
as an additional offset value and is added to the pre- s 
vious five-bit number. For example, an offset of thirty- 
one may be recorded as the number thirty-one plus 
an additional offset of zero contained in the next byte 
of data. Thirty-two may be recorded as the number 
thirty-one plus an additional offset of one. If such next w 
byte contains the number two hundred fifty-five, then 
such value is added to the five-bit number and the 
next byte is included as an offset, and so on. 

As explained, the number of bytes to replace and 
the location (offset) of such bytes are recorded. The 15 
replacement bytes themselves follow the bytes defin- 
ing the offset value. For each byte that is replaced, a 
replacement byte must follow. The number of replace- 
ment bytes may range from one to eight, but may not 
exceed eight for a single command byte because only 20 
three binary digits are available to indicate the num- 
ber of bytes to replace. Accordingly, the format of 
such data may be expressed as: 

<command byte> [<optional offset 

bytes>]<replacement bytes> 25 
where the command byte includes the three-bit num- 
ber of bytes to replace and the initial five-bit offset val- 
ue. For example, in binary code, if the command byte 
is n 0100 0000", then the next three bytes in the pres- 
ent raster row are to be replaced with whatever re- 30 
placement bytes follow. If the command byte is "0110 
0101", then the next five bytes in the present raster 
row are jumped over and the following four bytes are 
replaced with the appropriate four replacement bytes. 
If the command byte is "0000 0000", the next byte is 35 
to be replaced. 

In the preferred embodiment, compiling changes 
between raster rows or byte groups refers to record- 
ing the number and location of such changes as ex- 
plained. However, different recording methods may 40 
be used without departing from the invented com- 
pression method. 

Data that does not change between the com- 
pared raster rows is replicated at step 20. The repli- 
cated bytes are not part of the compressed data be- 45 
cause they would already exist in a task processor's 
memory or buffer. In other words, the step of replicat- 
ing simply leaves data unchanged. The replicated 
bytes and the relative offset and replacement bytes 
completely describe the data within the second raster so 
row. The data may then be sent to a task processor 
as symbolized by step 22. Again, only the offset and 
replacement bytes are sent to the task processor be- 
cause the replicated data is already there and re- 
mains unchanged. Step 24 then determines whether 55 
the entire block of data has been compressed, if so, 
step 26 ends the compression. If not, the method re- 
commences at step 14 by comparing subsequent ras- 



ter rows of information. 

Initially, a first and second raster row were com- 
pared. Comparing data describing subsequent raster 
rows means that what was previously referred to as 
the "second" raster row is now the "first" raster row. 
In other words, "first" raster row, as used herein, 
means the reference or seed row. A next raster row 
becomes the second raster row, and is compared to 
the uncompressed data which describes the newf irst 
raster row. Accordingly, the terms first and second 
raster rows refer to different rows as the compression 
progresses. 

Figure 2 depicts the relationship between Fig- 
ures 3A-C, wherein Figure 3A is depicted by block 28, 
Figure 3B by block 30 and Figure 3C by block 32. Fig- 
ures 3A, 3B and 3C show a block diagram of the in- 
vented selectable compression method. 

In Figure 3A, block 34 represents bytes of data 
describing raster rows of an image. Step 36 identifies 
the first raster row of such data. 

The first raster row at the beginning of compres- 
sion activity is then compared with a reference raster 
row as shown at step 38. The reference raster row is 
generated by the system employing the invented 
method, and would typically be set to a value of zero 
because the initial rows of a graphics image are gen- 
erally blank. 

The next step 40 is to note and compile the 
changes between the first raster row and the refer- 
ence raster row. The compilation of such changes 
constitutes a compressed description of the data de- 
scribing the first raster row. Step 42 then determines 
whether the compression was sufficient. A compres- 
sion is sufficient if it meets a preselected compres- 
sion ratio, for example 9:1. 

If the compression is not sufficient, then the in- 
vented method determines, at step 44, whether the 
bytes of data within the first raster row have been 
compressed on a byte-group-by-byte-group basis. If 
a byte-group compression has not been done, then 
the method compares byte groups within the first ras- 
ter row, as shown at step 46. A byte group is a prese- 
lected number of bytes within a given raster row. 
Steps 40 and 42 are then repeated for the byte-group 
compression. 

If the raster row compression was insufficient, 
and the byte-group compression was also insuffi- 
cient, then the invented method uses the most com- 
pressed data, as shown by step 48. The most com- 
pressed data may be the raster row compression, the 
byte-group compression orthe uncompressed data it- 
self, whichever requires less memory to store. 

If either the initial raster row compression was 
sufficient, the subsequent byte-group compression 
was sufficient or if the most compressed data has 
been selected for use, the next step 50 is to convey 
any such data to the task processor. The invented 
method then determines at step 52 whether the com- 
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pression is complete. If so, the task is ended at step 
54. If not, the method proceeds with the steps labeled 
"A" at 56. 

Figure 3B depicts the steps following the label 
"A". Initially, the method identifies the next raster row 5 
at step 58. That row is then compressed on the same 
basis as was the previous raster row. For example, if 
the previous raster row was compressed on a byte- 
group-by- byte-group basis, the next raster row will 
also be compressed on a byte-group-by-byte-group w 
basis. Step 60 determines what the previous basis of 
compression was. If the previous raster row was un- 
compressed, then either compression method may 
be selected. 

If the previous compression was on a raster-row- 15 
by-raster-row basis, the invented method proceeds 
through the steps labeled "B" at 62. If the previous 
compression was on a byte-group- by- byte-group ba- 
sis, the invented method proceeds with the steps lab- 
eled "C a at 64. 20 

The steps identified by label "B" begin by com- 
paring the present raster row with the previous raster 
row, as shown by step 66. The changes between the 
rows are noted and compiled at step 68. The method 
then determines, at step 70, whether the compression 25 
was sufficient. If so, the data resulting from the raster 
row compression is used as shown in Figure 3C at 
step 72. 

If step 70 determines that there was not a suffi- 
cient compression, then the next step is to determine 30 
whether the raster row has been compressed on a 
byte-group-by-byte-group basis, as shown at 74. If 
not, the method proceeds to those steps following lab- 
el "C" at 64. 

Accordingly, the steps following label "C" will be 35 
performed if the previous raster row was compressed 
on a byte-group-by-byte-group basis, as determined 
in step 60, or if the raster row compression of steps 
66, 68 did not result in a sufficient compression. In 
either case, byte groups are compared at 76. The 40 
changes between byte groups are noted and com- 
piled at 78. 

The method then determines, at step 80, whether 
the byte-group compression was sufficient. If so, the 
data compressed on the byte-group- by-byte-group 45 
basis will be used, as shown in Figure 3C at step 82. 
If the byte-group compression did not result in a suf- 
ficient compression, the method determines whether 
the data has been compressed on a raster-row-by- 
raster-row basis, as shown in step 84. If not, then the so 
method continues with the steps following label n B" at 
62. 

Figure 3C further depicts the invented data com- 
pression method. If a raster row has been com- 
pressed on a raster- row- by-raster-row basis and a 55 
byte-group-by-byte-group basis, and neither com- 
pression resulted in a sufficient compression, then 
the method will advance to block 86 and use the most 



compressed data. The most compressed data may be 
ettherthe raster row compressed data, the byte-group 
compressed data or the uncompressed data. 

Whichever data is used, it is conveyed to task 
processor at step 88. The method then determines, at 
step 90, whether the data compression is complete, 
and if so the task is ended, as shown in block 92. If 
the compression is not complete, the method returns 
to label "A" at 56 in Figure 3B and proceeds with the 
subsequent steps. 

Industrial Applicability 

The raster row data compression method and the 
selectable data compression method are applicable 
to any data describing graphics images on a raster- 
row- by-raster-row basis. Compressing data by com- 
paring raster rows has a high compression ratio on 
data that is repetitive from raster row to raster row, or 
in the "vertical" direction. Byte-group data compres- 
sion has a high compression ratio for data that is re- 
petitive within a single raster row, or in the "horizontal 0 
direction. 

The selectable data compression method allows 
for data to be compressed on either a raster row or a 
byte-group basis, depending on which method of 
compression produces sufficient results. Such a se- 
lective compression method results in superior per- 
formance compared to other data compression meth- 
ods because graphics images are often repetitive in 
a horizontal or vertical direction, but not always in 
both directions at the same time. 



Claims 

1 . A method of graphics data compression used in 
a system, wherein byte groups of data are ar- 
ranged on a raster- row- by-raster- row basis, for 
compressing such data comprising: 

comparing (66,76) such raster rows of 
data selectively either on a raster-row-by-raster- 
row adjacency basis, or on a byte-group-by-byte- 
group adjacency basis; 

utilizing a selected one of such compari- 
son bases, and noting (68,78) the changes be- 
tween the compared adjacent rows or adjacent 
byte groups; 

compiling (68,78) such changes so that 
they constitute a first compressed description of 
one of the compared rows or byte groups; 

determining (70,80) whether such first 
compressed description results in a sufficient 
compression of the data; 

if so, using (72,82) the first compressed 
description; 

if not, comparing (66,76) the data on the 
other comparison basis not used in the initial 
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comparison; 

noting (68,78) the changes between the 
compared adjacent rows or adjacent byte groups; 

compiling (68,78) such changes so that 
they constitute a second compressed description 5 
of one of the compared rows or byte groups; 

determining (70,80) whether such second 
compressed description results in a sufficient 
compression of the data; 

if so, using (72,82) the second com- w 
pressed description; 

if not, using (86) the most compressed de- 
scription between the first and second com- 
pressed descriptions and the uncompressed 
data; and is 

repeating the above-disclosed steps for 
subsequent raster rows of data. 

The method of claim 1 f wherein the step of com- 
paring (76), when it is done on a byte-group-by- 20 
byte-group basis, comprises comparing a prede- 
termined number of bytes of data with a predeter- 
mined number of successively adjacent bytes of 
data within the same raster row, and repeating 
such comparison of bytes until all the bytes com- 25 
prising the raster row have been compared. 

The method of claim 1 or 2, wherein the step of 
repeating comprises comparing subsequent ras- 
ter rows of data in the same method as the imme- 30 
diately prior data was compared, i.e., a raster- 
row-by-raster-row basis or a byte-group-by-byte- 
group basis depending on how the immediately 
previous data was compared. 

35 

The method of one of claims 1 to 3 further com- 
prising beginning the data compression by com- 
paring the data on a raster- row- by- raster-row ba- 
sis, performing the steps of noting, compiling and 
determining, and then, if not sufficiently com- 40 
pressed, comparing the data on a byte-group- by- 
byte-group basis for a predetermined number of 
raster rows, performing the steps of noting, com- 
piling, determining and using, and repeating the 
above-disclosed steps by recommencing with the 45 
raster-row- by-raster-row comparison. 

The method of one of claims 1 to 4, wherein the 
steps of comparing (66), noting (68) and compil- 
ing (68), when they are done on a raster-row-by- so 
raster-row basis, further comprise recording 
each byte in a second raster row that differs from 
the corresponding byte in a first raster row as rel- 
ative offset and replacement bytes, and compil- 
ing such offset and replacement bytes so that 55 
they constitute a compressed description of such 
second raster row. 



Pate ntansp ruche 

1 . Verfahren zur Komprimierung von Graphikdaten, 
welche in einem System verwendet werden, wo- 
bei Bytegruppen von Daten rasterzeilenweise 
angeordnet werden, urn diese Daten zu kompri- 
mieren, mit den Verfahrensschritten: 
Vergleichen (66, 76) solcher Rasterzeilen von 
Daten wahlweise auf der Basis benach barter Ra- 
sterzeilen Oder auf einer der Basis benachbarter 
Bytegruppen, 

Verwenden einer ausgewahlten dieser Ver- 
gleichsbasen und Notieren (68, 78) der Vera nde- 
rungen zwischen verglichenen benachbarten 
Zeilen Oder benachbarten Bytegruppen, 
Kompilieren (68, 78) dieser Veranderungen, so 
da& sie eine erste komprimierte Beschreibung ei- 
ner der verglichenen Zeilen Oder Bytegruppen 
bilden, 

Bestimmen (70, 80), ob diese erste komprimierte 
Beschreibung eine ausreichende Komprimierung 
der Daten ergibt, wenn ja, Verwenden (72, 82) 
der ersten komprimierten Beschreibung, 
wenn nein, Vergleichen (66, 76) der Daten auf der 
anderen Vergleichsbasis, welche beim anfangli- 
chen Vergleich nicht verwendet wurde, 
Notieren (68, 78) der Veranderungen zwischen 
den verglichenen benachbarten Zeilen Oder be- 
nachbarten Bytegruppen, Kompilieren (68, 78) 
dieser Veranderungen, so dad sie eine zweite 
komprimierte Beschreibung einer der vergliche- 
nen Zeilen- Oder Bytegruppen bilden, 
Bestimmen (70, 80), ob diese zweite komprimier- 
te Beschreibung eine ausreichende Komprimie- 
rung der Daten ergibt, 

wenn ja, Verwenden (72, 82) derzweiten kompri- 
mierten Beschreibung, 

wenn nein, Verwenden (86) der von der ersten 
und der zweiten komprimierten Beschreibung 
und den nicht komprimierten Daten am meisten 
komprimierten Beschreibung, und Wiederholen 
der obenbeschriebenen Schritte fur nachfolgen- 
de Rasterzeilen von Daten. 

2. Verfahren nach Anspruch 1 , bei dem der Schritt 
des Vergleichens (76) dann, wenn er bytegrup- 
penweise ausgef uhrt wird, das Vergleichen einer 
vorgegebenen Anzahl von Daten bytes mit einer 
vorgegebenen Anzahl von nachfolgenden be- 
nachbarten Daten bytes innerhalb derselben Ra- 
sterzeile umfaftt, und dieser Bytevergleich wie- 
derholt wird, bis alle Bytes in der Rasterzeile ver- 
glichen worden sind. 

3. Verfahren nach Anspruch 1 Oder 2, bei dem der 
Schritt des Wiederholens das Vergleichen nach- 
folgender Rasterzeilen von Daten gemaft densel- 
ben Verfahren wie beim unmittelbar vorherge- 
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henden Datenvergleich umfafct, d.h., rasterzei- 
lenweise oder bytegruppenweise abhangig da- 
von, wie die unmittelbar vorhergehenden Daten 
verglichen word en sind. 

5 

4. Verfahren nach einem der Anspruche 1 bis 3, bei 
dem ferner die Datenkomprimierung begonnen 
wird, indem die Daten rasterzeilenweise vergli- 
chen werden, die Schritte Notieren, Kompilieren 

und Bestimmen durchgef uhrt werden und dann, 10 
wenn die Komprimierung noch nicht ausreichend 
ist, die Daten bytegruppenweise fur eine vorge- 
gebene Anzahl von Rasterzeilen verglichen wer- 
den, die Schritte Notieren, Kompilieren, Bestim- 
men und Verwenden durchgef uhrt werden und 15 
die obenbeschriebenen Schritte wiederholt wer- 
den, indem mit dem Rasterzeilen-Vergleich wie- 
derbegonnen wird. 

5. Verfahren nach einem der Anspruche 1 bis 4, bei 20 
dem die Schritte des Vergleichens (66), Notie- 
rens (68) und Kompilieren (68) dann, wenn sie ra- 
sterzeilenweise ausgefuhrt werden, ferner das 
Aufzeichnen jedes Bytes in einerzweiten Raster- 
zeile, welches von dem entsprechenden Byte in 25 
einer ersten Rasterzeile abweicht, als relative 

Of feet- und Ersatzbytes und das Kompilieren 
dieser Offset- und Ersatzbytes umfaBt, so daft 
diese eine komprimierte Beschreibung derzwei- 
ten Rasterzeile bilden. 30 



Revendications 

1 . Procede de compression de donnees graph iques 35 
utilise dans un systeme, dans lequel des groupes 
d'octets de donnees sont disposes sur une base 
de ranged de trame par ranged de trame, af in de 
compresserces donnSes, comprenantles Stapes 
consistant: 40 

a comparer (66, 76) ces rangees de trame 
de facon selective soit sur une base contigue de 
rangee de trame par rangee de trame, ou sur une 
base contigue de groupe d'octets par groupe 
d'octets; 45 

a utiliser une base sSlectionnSe parmi ces 
bases de comparaison, et a noter (68, 78) les 
changements entre les rangees adjacentes 
comparers ou les groupes d'octets adjacents 
compares; 50 

a compiler (68, 78) ces changements de 
facon a ce qu'ils constituent une premiere des- 
cription compressed de I'une des rangees 
companies ou de I'un des groupes d'octets 
compares; 55 

a determiner (70, 80) si oui ou non cette 
premiere description compressed aboutit a une 
compression suff isante des donnees; 



si c'est oui, a utiliser (72, 82) la pre- 
miere description compressed; 

si c'est non, a comparer (66, 76) les 
donnees surl'autre basede comparaison non uti- 
lised dans la comparaison initiate; 

a noter (68, 78) les changements entre les 
rangees adjacentes com parses ou les groupes 
d'octets adjacents compares; 

a compiler (68, 78) ces changements de 
facon a ce qu'ils constituent une seconde des- 
cription compressed de Tune des rangees 
comparees ou de Tun des groupes d'octets 
compares; 

a determiner (70, 80) si oui ou non cette 
seconde description compresses aboutit a une 
compression suffisante des donnSes; 

si c'est oui, a utiliser (72, 82) la se- 
conde description compressed; 

si cdst non, a utiliser (86) la des- 
cription la plus compressed parmi les premiere et 
seconde descriptions compressees et les don- 
nees non-compresseds; et 

a re peter les Stapes divulgueds c'hdessus 
pour des rangees de trame ultSrieures. 

2. Procede selon la revendication 1, dans lequel 
I'Stape de comparaison (76), lorsqu'elle est effec- 
tuee sur une base de groupe d'octets par groupe 
d'octets, comprend une comparaison d'un nom- 
bre predetermine d'octets de donnees avec un 
nombre predetermine d'octets success ivement 
adjacents de donnees dans la meme rangee de 
trame, et une repetition de cette comparaison 
d'octets jusqu'a ce que tous les octets consti- 
tuant la rangee de trame aient ete compares. 

3. Procede selon la revendication 1 ou 2, dans le- 
quel I'Stape de repetition comprend la comparai- 
son de rangees de trame ulterieures selon le 
meme procede que celui au moyen duquel les 
donneds immediatement precedentes ont StS 
comparees, c'est-a-dire, sur une base de rangee 
de trame par rangee de trame ou sur une base de 
groupe d'octets par groupe d'octets en fonction 
de la facon selon laquelle les donneds preceden- 
tes ont ete comparees. 

4. Procede selon I'une des revendications 1 a 3 
comprenant egalement le dSmarrage de la 
compression de donnees par une comparaison 
des donnees sur une base de rangee de trame 
par rangee de trame, la realisation des Stapes 
consistant a noter, a compiler et a determinant, et 
ensuite, si el les ne sont pas suffisamment 
compressees, la comparaison des donnees sur 
une base de groupe d'octets par groupe d'octets 
pour un nombre predetermine de rangSes de tra- 
me, la realisation des Stapes consistant a noter, 
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a compiler, a determiner et a utiliser, et la repeti- 
tion des Stapes divulguees ckJessus en recom- 
mencant avec la comparaison de rangee de tra- 
me par rangee de trame. 

5 

Proc6d6 selon Tune quelconque des revendi ca- 
tions 1 a 4, dans lequel les etapes consistant a 
comparer (66), a noter (68) et a compiler (68). 
lorsqu'elles sont real i sees sur une base de ran- 
gee de trame par rangee de trame, comprennent 10 
egalement un enregistrement de chaque octet 
dans une seconde rangee de trame qui d if fere de 
Toctet correspondant dans une premiere rangee 
de trame sous la forme d'un decalage relatif et 
d'octets de remplacement, et une compilation de 15 
ce decalage et de ces octets de remplacement de 
facon a ce qu'ils constituent une description 
compressee de cette seconde rangee de trame. 
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